Biodiversity is generally believed to be a main determinant of ecosystem functioning. 30 This principle also applies to the microbiome and could consequently contribute to host 31 health. According to ecological theory, communities are shaped by top predators 32 whose direct and indirect interactions with community members cause stability and 33 diversity. Bdellovibrio and like organisms (BALOs) are a neglected group of predatory 34 bacteria that feed on Gram-negative bacteria and can thereby influence microbiome 35 composition. We asked whether BALOs can predict biodiversity levels in microbiomes 36 from distinct host groups and environments. We demonstrate that genetic signatures 37 of BALOs are commonly found within the 16S rRNA reads from diverse host taxa. In 38 many cases, their presence, abundance, and especially richness are positively 39 correlated with overall microbiome diversity. Our findings suggest that BALOs can act 40 as drivers of microbial alpha-diversity and should therefore be considered as 41 candidates for the restoration of microbiomes and the prevention of dysbiosis. 42 3 Biodiversity is a key attribute of productive [1] and stable ecosystems [2]. This is likely 43 due to the activity of highly productive keystone species [3], which are often more 44 common in species-rich communities [1]. Nevertheless, productivity and stability 45 appear to be mainly driven by diversity itself and not by individual taxa [4]. Species-46 rich communities exist for example in the human gut and oral microbiome and are 47 usually assumed to consist of functionally redundant species that act as insurance in 48 case of extinctions [5, 6]. Consequently, species-rich communities are more resilient 49 (cf. [7]). To date, most studies on the effect of biodiversity on ecosystem functioning 50 and specifically the effect of microbiome composition on host health have focused on 51 a single trophic level. Yet, changes in the diversity of one trophic level can affect other 52 trophic levels, either directly through consumer-resource interactions or indirectly when 53 the decrease of one species leads to abundance changes of other species [8]. The 54 presence of top predators has particularly strong effects because they can limit 55 dominant species abundance and thereby free niches for rare taxa [9-11]. The impact 56 of predators is likely distinct from environmental stressors, which may similarly free 57 niches and subsequently increase microbiome diversity, as recently documented for 58 the microbiome of Daphnia waterfleas after antibiotic exposure [12]. Yet, in this case, 59 the effect on community composition is likely to be random, whereas predators usually 60 target the dominant species. 61 Bdellovibrio and like organisms (BALOs) are obligate predators of Gram-negative 62 bacteria in a wide range of habitats [13, 14]. BALOs were recently linked to a healthy 63 human gut microbiome [15], and proposed as living antibiotics in medical treatment 64 [16] and water remediation [17]. Additionally, a microcosm experiment showed that 65 their predatory activity can exceed phage-induced mortality [18]. We here draw 66 attention to this neglected group of predators and tested their association with 67 microbial diversity as an indicator of a healthy microbiome across distinct animal host 68 groups and environments. 69 70
Interestingly, for both host systems, OTU richness was highest with medium BALO 94 abundance, which possibly indicates that BALO richness rather than abundance 95 influences microbiome richness. Table S2 . Table S4 . In contrast, variation in microbiome beta-diversity was not linked to the BALOs ( Figure   117 3). At the same time, our PCoA analysis indicated an influence of BALOs on sample 118 clustering for several hosts (especially cnidarians and C. elegans). However, the 119 clustering was not independent of sample type, making it impossible to infer the exact 120 cause of clustering from the current data. 121 To exclude that BALO presence is caused by high microbiome diversity as a 122 consequence of sampling effects, we analyzed the complete sponge dataset, 123 additionally including species without BALOs [19] . We found that alpha-diversity per 124 se does not predict the presence of BALOs (Table S5 and S6), which is therefore 125 unlikely caused by sampling effects alone. The loss of top predators has comprehensive effects on community structure [9, 10]. 135 We tested this idea by comparing microbiome alpha-diversities for distinct animal hosts 136 and environments that either lacked or contained a prominent group of microbial 137 predators, the BALOs. With the exception of the considered insects and most sponge 138 species, we found that microbiomes containing BALOs were characterized by a 139 significantly higher alpha-diversity.
140
In contrast to the overall results, two sponge species showed a negative correlation 141 between BALO presence and microbiome diversity, although not when considering 142 microbiome richness. These results may suggest that BALO-containing sponges 143 harbor a more species-rich, but less even microbiome. Notably, sponges in general 144 possess a comparatively species-rich microbiome ( Figure S1 ). In these cases, 145 evenness may be negatively correlated to richness, consistent with previous 146 observations for plant communities [20] and possibly due to sampling effects, where a 147 superior competitor is more likely present in species-rich communities [1] . A niche-148 preemption model was previously identified to be the best predictor for the patterns in We found that BALO OTU richness, rather than abundance, is significantly associated results may suggest that a more diverse BALO community is able to prey on a more 166 diverse set of bacteria and thereby reduces the predation pressure on single species, 167 thus increasing microbiome diversity.
168
Our additional analysis of beta-diversity did not reveal a strong BALO influence on 169 microbiome community structure. Together with the results on alpha-diversity, this may 170 imply that BALO presence is not correlated with a specific community composition and 171 that BALOs survive in a range of differently assembled communities. Conflict of interest statement 200 201 The authors declare no conflict of interest. For our analysis, we randomly selected exemplary host taxa that are representative of distinct 306 taxonomic animal groups, ranging from very simple to more complex hosts and including early 307
branching invertebrates, ecdysozoa, and also vertebrates (Table S1 ). In addition, we only 308 considered host taxa, for which a single study included at least five samples with and without 309
BALOs -with the exception of the Nematostella dataset with only four samples without BALOs.
310
This preselection was performed in order to allow a direct comparison of samples with and 311
without BALOs for each host system or environment. Further, only studies with publicly 312 available OTU tables were selected. Moreover, we considered one study with longitudinal data 313 generated from human mucus, sebum, skin swabs, as well as from different surfaces from 314 their family homes [10] . This data set served to test the stability of the association of BALO 315 presence and bacterial community diversity across time within the same environment. 316
Several datasets were from microbiomeDB (http://microbiomedb.org/mbio/) and only included 317 relative abundance data, while the remaining data sets also had information on absolute 318
frequencies. The Caenorhabditis elegans dataset was produced by us for this study by 319 sampling worms from the Kiel Botanical garden in 2016 at four consecutive time points (one in 320
October, two in September, and one in November). Worm samples were prepared as 321 described previously [1] measured as number of different non-BALO OTUs in the presence and absence of BALOs. 366
Significant differences are indicated by asterisks and were calculated using the Wilcoxon 367 rank sum test. P-values: p<0.001:'***', 0.0011>p<0.01:'**', 0.011>p<0.05:'*'. P-values are 368
given in the Table S3 . 
